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2
1. ????
???????????????????????????????????????
???, ?????? 1????RMBS*1??????. RMBS???????????
????????????????????????????????, ABS(????
??)??????. ????????, ?????????????????????,
?????????????????. ?????????????? (2018)[17]???
?, ??? RMBS??????????????????, 2018??????????
????????? 61%???, ?? 80%????????????????????.
RMBS?????????, ???????????????????????????
??AAA????????, RMBS???????????????????????
??????.
RMBS????????????????????, ???????????????
???????????? (?????)?????????? (?????)?????
???????, ????????????????????????????????
??. ??, ??????????????????????????????, ???
?????????????????????????. ??????????????
?, ??????????????????????????????????????
???????, RMBS????????????????????????. ????
????????????????????? (???? 1??). ?? (2005)[20]???
?, RMBS???????????????????????????????????
????. ????????????????????, ??????????????
?????????????RMBS???????????????????????.
??, ???????????????????????????????, RMBS??
????????????????. ?????, ??????RMBS????????
???????????????. ???????????, ????????RMBS?
?????????????????????????????????.
????RMBS????????????????????????, ( i )??????
???????????????*2, (ii)?????????? (???????????)
?????RMBS????????????????????????. ???????
????Collin-Dufresne and Harding(1999)[17]?, ?????Vasicek???????,
??????????????????????????????????? RMBS?
???????????. Kolbe(2007)[10]?????????? CIR????????
???????????, ???????????????????????, RMBS?
??????????. ?? (2005)[20]??????????????????RMBS?
???????????, ????????????????????????????
???????????????????. ? 2????????? (2018)[15]????
*1RMBS : Residential Mortgage Backed Securities???. ???????????.
*2??????????????????????????????????, ???? Public Securi-
ties Association(PSA) Standard Prepayment??? (?? PSA???)????????? Prepayment
Standart Japan(PSJ)??? (??????????? (2006)[16]???)????,??????????
?????????? (????????????)????????????????.
3
??????????CPR*3????, ???? (WALA*4)?????????????
??. ??????????????????, ??????????????????
???????????????, ????????????????????????
?????. ???????? 10???????????, ?????????????
?????????????, ??????????????????????????
????????????????. ???, RMBS????????????????
??, ??????????????????????Kijima et al.(2014)[8]?????
????.
? 1: ?????????????????
? 2: ???????? CPR(??????)
*3CPR : Conditional Prepayment Rate???. ?????????? (Simple Monthly Mortality)?
?????????????????????. ???????????????
*4WALA : Weighted Average Loan Age???. ???????????????????.
4
???? (ii)???????? RMBS?????????????????, RMBS
?????????????????. ????????????????????, ?
?????????????? RMBS??????????????????????
????????????.
?????, Kijima and Muromachi(2000)[7]?????????????? (2017)[13]
????????????, ??????????????????????RMBS??
????????????????????. ?? (2017)[13]??????, ?????
??????????????????????????????? 2????????,
????????????????Quadratic Gaussian++(QG++)?????????
??? RMBS?????????????. ???????KKM??????. KKM
???????????????? RMBS????????????????????
???????????????, KKM?????????????????????
???????????????????.
??, ???????????????????, ???? P????????Q(??
???????????)???????????????. ???, ????????
??????????????? (????????????)????? 10?????
????, ???? P???????? Q???????????. RMBS?????
??????, RMBS???? 30???????????, ?????????????
?????????, ??????????????? (1????? 10??)????
???? 1???????????????????????????????. ???
?, Kijima and Muromachi(2000)[7]????????, RMBS???????????
??????????? P???????? Q??????????????????
???.
??????? Kijima et al.(2014)??????? Quadratic Gaussian(QG)???,
????????? Cox????????????????????????????
?????????????????????????????????????. ??
?, ??????????????????????????????????????
????QG?????????????, RMBS?????????????????
?, RMBS???????????????????????????????????
????????. ??, ????????????????????????? KKM
????????????Kijima? (2014)[8]???????????.
?????????????????????RMBS?????RMBS??????
?????????. RMBS???????????????????????????
?????????, ?????RMBS??????????????????????
??????????????????. ??, ??????????????????
???????????????????????.
???????????. ?? 2?? 3?????????? RMBS???????
???????????. ??, 2????????????????????????
?????RMBS??????????????, 3?????????????RMBS
??????????????. 4??????RMBS???????????????
?, 5??????.
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2. RMBS??????????KKM???
????, ????RMBS????????????????????, ??????
? RMBS?????????, ????????????. ??????? t, ????
? t = 0???, ??????????? (Ω,F , (Ft)t≥0, P )????. F = (Ft)t≥0??
????????????????????????????????. ??, RMBS?
??? T, ?????? T ∗ (0 ≤ t ≤ T ≤ T ∗)?????? P ???????????Q
??????????????. Kijima and Muromachi(2000)[7]??, ???????
?????????, ???? P ????????????????Q????????
???????, ???????? P ????????Q??????????????
????????????. ????????????????Kijima et al.(2014)[8]?
???, ??????????? (2017)[13]?KKM???????????.
??, ????RMBS?? ( i )??????????????????????? (ii)
??????*5??? RMBS??????????? 2??????????????
?. ???, ??????????????????????????????????
????, ?????????????????*6.
2.1. ?????????? : Quadratic Gaussian++???
?????????????, Quadratic Gaussian++???????. ???? P ?
???? t?????????????????? r(t)?
dy(t) = −a′y(t)dt+ σdz(t), t ≥ 0, y(0) = y0, (1)
r(t) =
(
y(t) + α′ + β′t
)2
+ φ(t), 0 ≤ t,≤ T ∗ (2)
????????. ???, a′, σ??????, y0, α′, β′???, φ(t)??? t?????,
z(t)?????P ?????????????? (SBM)???. ???Plesser(1997)[11]
?????Brigo and Mercurio(2006)[4]??????????????, ???????
????? φ(t)???????????????????????. ????????
Quadratic Gaussian++(QG++)??????. (2)???, φ(t) ≥ 0?????????
? r(t)???????????????. ???, ?????????????????
????? φ(t)??????????, φ(t)?????????? r(t)????????
????. Kijima et al.(2014)[8]????, QG++?????????????????
??????????????????????????????????????.
??, ?? t????????B(t)?
dB(t) = r(t)B(t)dt, t ≥ 0, B(0) = 1 (3)
*5?? (2005)[20]???????????????????. ????????????????????
?????, ??????????????????????????, ????????????????.
*6?? (2005)[20]????, ??MBS??????????????????????????????
?????????, ???????????MBS?????????????????????????
????????????????, ??????????????????????????????.
6
??????,
B(t) = exp
{∫ t
0
r(u)du
}
(4)
???. ??, r(t)(???? y(t))????????? T ??????????????
?? t??????? F (t) = f(t, y(t))????, ??????? F (t)???? (5)??
??:
dF (t)
F (t)
= µF (t)dt+ σF (t)dz(t), 0 ≤ t ≤ T. (5)
???, f(?,?) ∈ C1,2????, ft = ∂f/∂t, fy = ∂f/∂y, fyy = ∂2f/∂y2???,
µF (t) =
1
F (t)
(
ft − a′yfy + σ2 fyy
2
)
, σF (t) =
σfy
F (t)
(6)
???. ???, z(t)?????????????
λF (t) ≡ µF (t)− r(t)
σF (t)
, 0 ≤ t ≤ T (7)
??????, λF (t)?????????????????????????. ??, λF (t)
?Novikov?? (Novikov’s condition)
E
[
exp
{
1
2
∫ T
0
λ2F (s)ds
}]
<∞, T > 0
??????, Girsanov??? (Girsanov’s theorem)??,
dzQ(t) = dz(t) + λF (t)dt, 0 ≤ t ≤ T, zQ(0) = 0 (8)
?????????? zQ(t)?, ???? P ??????????? Q???????
??????????. (5), (7), (8)???, ???????Q??? F (t)??????
??,
dF (t)
F (t)
= r(t)dt+ σF (t)dz
Q(t), 0 ≤ t ≤ T (9)
????, ???Q????????????????. ???, ???????Q??
??? t?????????,
dy(t) = −(σλ(t) + a′y(t))dt+ σdzQ(t), y(0) = y0, (10)
r(t) =
(
y(t) + α′ + β′t
)2
+ φ(t), 0 ≤ t ≤ T ∗ (11)
???. λx???, γ(t), λ0(t)??? t??????????,
x(t) = y(t) + γ(t), (12)
λF (t) = λxy(t) + λ0(t) (13)
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????, (10), (11)???,
dx(t) = [(a′ + σλx)γ(t) + γ′(t)− σλ0(t)− (a′ + σλx)x(t)]dt+ σdzQ(t), (14)
r(t) =
(
x(t) + α′ + β′t− γ(t))2 + φ(t) (15)
?????. ???, γ(t)??? t?????????????????,
(a′ + σλx)γ(t) + γ′(t)− σλ0(t) = 0 (16)
??????? γ(t)??????, (16)??? λ0(t)??? t????????????
????????. ???,
α+ βt = α′ + β′t− γ(t), (17)
a = a′ + σλx (18)
?????????, (14), (15)???,
dx(t) = −ax(t) + σdzQ(t), (19)
r(t) = (x(t) + α+ βt)2 + φ(t) (20)
?????, Kijima et al.(2014)[8]??? (2017)[13]????????????????
?????????. ???????????Kijima et al.(2014)[8]?????????
?, ?????? (12), (13)?????????? λF (t)? y(t)???????????
????. ????, λx = 0??????????????, λx ̸= 0?? λF (t)????
???????, ?????????????????. ???, ??? a′ ̸= a????
?, ???? P ????????Q????????????????????????
??????????????????????????????.
?????????????, ???????Q?????????????
dx(t) = −ax(t) + σdzQ(t), (21)
r(t) = (x(t) + α+ βt)2 + φ(t), 0 ≤ t ≤ T (22)
???, ???? P?????? x(t)?, (1), (12), (17), (18)???,
x(t) = y(t) + γ(t)
= y0e
−a′t + σ
∫ t
0
e−a
′(t−u)dz(u) + γ(t), (23)
γ(t) = (α′ − α) + (β′ − β)t, (24)
a′ = a− σλx (25)
???. s ≥ t??? (21)?????, x(s)? x(t)??????,
x(s) = x(t)e−a(s−t) + σ
∫ s
t
e−a(s−u)dzQ(u), 0 ≤ t ≤ s ≤ T
8
?????, x(t)????????, x(s)?????? µx(t, s), ????? σx(t, s)??
??????. ???, µx(t, s) = Et[x(s)], σ2x(t, s) = Vt[x(s)]???,
µx(t, s) = x(t)e
−a(s−t), σ2x(t, s) = σ
2
∫ s
t
e−2a(s−u)du =
σ2
2a
(
1− e−2a(s−t)
)
(26)
???.
Kijima et al.(2009)[9]????, (21), (22)? (QG++???)? t???????? T
?????? v(t, T )?,
v(t, T ) ≡ P (t, T ;x(t)) = exp
{
−
∫ T
t
φ(s)ds+AQ(t, T )−BQ(t, T )x(t)− CQ(t, T )x2(t)
}
(27)
??????. (27)?????????????:
γ =
√
a2 + 2σ2,
F (t, T ) =
2γeγ(T−t)
(γ + a)e2γ(T−t) + γ − a,
CQ(t, T ) =
2γeγ(T−t) − 1
(γ + a)e2γ(T−t) + γ − a,
BQ(t, T ) = 2F (t, T )
∫ T
t
α+ βs
F (s, T )
ds =
2B1(t, T )
γ2A5(t, T )
,
AQ(t, T ) =
∫ T
t
(
1
2
σ2BQ(s, T )
2 − σ2CQ(s, T )− (α+ βs)2
)
ds
= −σ2
(
A4(t, T )
γ5A5(t, T )
+A6(t, T )
)
− α2(T − t)− αβ(T 2 − t2)− 1
3
β2(T 3 − t3),
Γa = γ − a,
Γb = γ + a,
A4(t, T ) = Γa
(
α2γ2A1a(t, T ) + 2αβγA2a(t, T ) + β
2A3a(t, T )
)
+Γb
(
α2γ2A1b(t, T ) + 2αβγA2b(t, T ) + β
2A3b(t, T )
)
,
A5(t, T ) = Γae
−γ(T−t) + Γbeγ
(T−t),
A6(t, T ) = −1
2
(T − t)(Γ−1a − Γ−1b ) +
1
2γ
(Γ−1a + Γ
−1
b ) log
A5(t, T )
2γ
,
B1(t, T ) = −αγ(e−γT − e−γt)(Γaeγt + ΓbeγT )
+β
(
Γae
−γ(T−t)(1− γt) + Γbeγ(T−t)(1 + γt)− Γa(1− γT )− Γb(1 + γT )
)
,
A1a(t, T ) = −eγ(T−t) + 4− e−γ(T−t) (3 + 2γ(T − t)) ,
A1b(t, T ) = e
−γ(T−t) + 4 + eγ(T−t) (3− 2γ(T − t)) ,
A2a(t, T ) = e
γ(T−t)(1− γT )− 2(1− γ(t+ T )) + e−γ(T−t) (1− γ(2t+ T ) + γ2(t2 − T 2)) ,
A2b(t, T ) = e
−γ(T−t)(1 + γT )− 2(1 + γ(t+ T )) + eγ(T−t) (1 + γ(2t+ T ) + γ2(t2 − T 2)) ,
A3a(t, T ) = −4γt(1− γT )− eγ(T−t)(1− γT )2 + e−γ(T−t)
(
1 + 2γt− γ2(2t2 + T 2) + 2
3
γ3(t3 − T 3)
)
,
A3b(t, T ) = −4γt(1 + γT ) + e−γ(T−t)(1 + γT )2 + eγ(T−t)
(
−1 + 2γt+ γ2(2t2 + T 2) + 2
3
γ3(t3 − T 3)
)
.
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(27)???,∫ T
t
φ(s)ds = AQ(t, T )−BQ(t, T )x(t)− CQ(t, T )x2(t)− logP (t, T ;x(t))
???. ???, Φ(t)?
Φ(t) ≡
∫ t
0
φ(s)ds (28)
??????,∫ T
t
φ(s)ds = Φ(T )− Φ(t)
= AQ(0, T )−AQ(0, t)− (BQ(0, T )−BQ(0, t))x(0)
− (CQ(0, T )− CQ(0, t))x2(0)− log
(
P ∗(0, T )
P ∗(0, t)
)
???. ??? x(0) = 0??????,∫ T
t
φ(s)ds = AQ(0, T )−AQ(0, t)− log
(
P ∗(0, T )
P ∗(0, t)
)
(29)
???. ???, P ∗(0, t)??????????????????? t?????????.
(29)??????, (27)??????? P (t, T ;x(t))??????????.
P (t, T ;x(t)) = exp
{
−AQ(0, T ) +AQ(0, t) + log
(
P ∗(0, T )
P ∗(0, t)
)
+AQ(t, T )−BQ(t, T )x(t)− CQ(t, T )x2(t)
}
=
P ∗(0, T )
P ∗(0, t)
exp
{−AQ(0, T ) +AQ(0, t) +AQ(t, T )−BQ(t, T )x(t)− CQ(t, T )x2(t)}. (30)
????? φ(t)?????, ????????????. (29)???, t = 0????,
Φ(T ) = AQ(0, T )− logP ∗(0, T )???????,Φ(t) = AQ(0, t)− logP ∗(0, t)????,
φ(t) =
d
dt
∫ t
0
φ(u)du
≈ Φ(t+∆t
∗)− Φ(t)
∆t∗
???. ?????∆t∗ = 1365(1?/?)??? φ(t)????, ??????????.
10
2.2. ?????????? : KKM???
??????????????????????, ???? P ???????????,
????????????Q????????????.
?????, ?? t (0 ≤ t ≤ T ∗)??????? S(t)????
S(t) = exp
{
−
∫ t
0
h(s)ds
}
, (31)
h(t) = lim
∆t→0
S(t)− S(t+∆t)
S(t)∆t
(32)
???????????? P ?????????????? h(t)?????. (32)??
?, h(t)?????????????????????. ????????????Q?
????????????? hQ(t)??????. ??, h(t)? hQ(t)????????
????.
?? (2004)[14]????????????, ?????????????, ( i )????
?????????????*7, (ii)????????????????*8??????.
???, (32)?????????? P ???????? t???????????? h(t)
?, 0 ≤ t ≤ T ∗????,
h(t) = λ(t) (L(t)−R(t, τ))+ + g(t), (33)
dg(t) = (ψ(t)− bg(t)) dt+ ηdzg(t) (34)
????????. ???, λ(t), L(t)??? t?????, R(t, τ)??? t??????
[t, t+ τ ]?????????, (x)+ = max(x, 0)???. (33)????? 1??????
???????????????, KKM???????????????? (2013)[12]
? KTM??????*9????????????????????? (x)+?????
????????????. λ(t)??????, L(t)???????????????
????. L(t)???????????????WAC*10?????????????
??????, ??????????? t ????????. ???, ???????
? t????? λ(t)???????, ????????????????. ?????,
{si}i=0,...,n, (0 = s1 < s2 < . . . < sn = T ∗, λi, i = 1, . . . , n)?????????, λ(t)?
???? λ(t) = λi, t ∈ [si−1, si)??????, ???????????????.
*71??????????, ?????????????, ?????????????????????
??????????????. ??, ??????????????????????????????.
*8???????????????????????? (loan age) ??????????, ??????
?????????????????????, ?????????????????????????.
*9??? (2013)[12] ? KTM ???? (33) ????????????????. ??????????
??, ????? λ ???????, ???? R(t, τ) ????????? (33) ????????????
(h(t) < 0)????????, ???? S(t)??? t????????. S(t)????????? (41)??
? CF (ti) < 0???, RMBS????????????????????????, ????? RMBS?
? Price(t, T )????????. ???? RMBS????????????????????, ?????
????????????? (2017)[13]????????.
*10WAC : Weighted Average Coupon???. ??????.
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(33)????? 2? g(t)?????????????????? (????)????
??????????????????????????, (34)??????. ???, b,
η????, ψ(t)??? t?????, zg(t)????? P ??????????????
(SBM)??, (1)??????????? z(t)????????????. (34)????
???Hull-White??? (1990)[6]???, ????????????????????
??????????????? g(t)???????????????????. ???,
?????? g(t)??????????????, ??????????????? h(t)
??????????????*10.
?????????????????? g(t)????????????. g(0) = 0, t ≤ s
??? (34)????????, g(s)? g(t)??????,
g(s) = g(t)e−b(s−t) +
∫ s
t
ψ(u)e−b(s−u)du+ η
∫ s
t
e−b(s−u)dzg(u)
?????, g(t)????????, g(s)?????? µg(t, s), ????? Sg(t, s)???
?????. ???, µg(t, s) = Et[g(s)], Sg(t, s) = Vt[g(s)]??,
µg(t, s) = g(t)e
−b(s−t) +
∫ s
t
ψ(u)e−b(s−u)du, Sg(t, s) = η2
∫ s
t
e−2b(s−u)du
???. ???, G(t, s) ≡ ∫ st g(u)du????????,
G(t, s) ≡
∫ s
t
g(u)du
= g(t)
1− e−b(s−t)
b
+
∫ s
t
ψ(u)
1− e−b(s−u)
b
du+
∫ s
t
η(u)
1− e−b(s−u)
b
dz(u)
?????, g(t)????????, G(t, s)?????? µG(t, s), ????? SG(t, s)?
???????. ???, µG(t, s) = Et[
∫ s
t g(u)du], SG(t, s) = Vt[
∫ s
t g(u)du]??,
µG(t, s) = g(t)
1− e−b(s−t)
b
+
∫ s
t
ψ(u)
1− e−b(s−u)
b
, SG(t, s) = η
2
∫ s
t
(
1− e−b(s−u)
b
)2
du
???. ??, ???? η?????????, ?? t????? η(t)?????????
?????????????????????.
?????, ψ(t)????????????????????? E[g(t)]? PSA??
?? CPR???????????????. PSA?????, CPR????? 0%??
30???????????, 30?? (2.5?)??????????????. 100%PSA?
??? 30?????CPR? 6%, 167%PSA????CPR? 10%??????????
??, ???? PSA????????? 3???. ??, PSA??????? s?? (?
???)?????????? PSA(s)????????????.
*10????? 1????????????, ?? (t = 1?3??)??????????????????
??????????????.
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? 3: PSA??? (Public Association Standard Prepayment Model)
PSA(s) =
{
CPR× s2.5 , s ≤ 2.5
CPR, s > 2.5
???, ??????? µg(t, s), Sg(t, s)????????????:
µg(t, s) = Et[g(s)] = PSA(s),
Sg(t, s) = η
2
∫ s
t
e−2b(s−u)du
=
η2
2b
(
1− e−2b(s−t)
)
.
??,
d
ds
µg(t, s) = (−b)g(t)e−b(s−t) + ψ(s)e0 + (−b)
∫ s
t
ψ(u)e−b(s−u)du
= ψ(s) + (−b)
{
g(t)e−b(s−t) +
∫ s
t
ψ(u)e−b(s−u)du
}
= ψ(s) + (−b)µg(t, s)
⇔ ψ(s) = d
ds
µg(t, s) + bµg(t, s)
???, ?????????,
µG(t, s) = g(t)
1− e−b(s−t)
b
+
∫ s
t
ψ(u)
1− e−b(s−u)
b
du (35)
???.
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(35)????? 2????????,∫ s
t
ψ(u)
1− e−b(s−u)
b
du =
∫ s
t
(
d
ds
µg(t, s) + bµg(t, s)
)(
1− e−b(s−u)
b
)
du
=
∫ s
t
d
du
µg(t, u)
(
1− e−b(s−u)
b
)
du+
∫ s
t
µg(t, u)
(
1− e−b(s−u)
)
du
(36)
???, (36)????? 1????????,
∫ s
t
d
du
µg(t, u)
(
1− e−b(s−u)
b
)
du =
[
µg(t, u)
(
1− e−b(s−u)
b
)]u=s
u=t
−
∫ s
t
µg(t, u)(−b)
(
−e−b(s−u)
b
)
du
= −µg(t, t)
(
1− e−b(s−t)
b
)
+
∫ s
t
µg(t, u)e
−b(s−u)du (37)
?????, (35)?? (36), (37)???,
µG(t, s) = g(t)
1− e−b(s−t)
b
− µg(t, t)
(
1− e−b(s−t)
b
)
+
∫ s
t
µg(t, u)e
−b(s−u)du+
∫ s
t
µg(t, u)
(
1− e−b(s−u)
)
du
= {g(t)− µg(t, t)}
(
1− e−b(s−t)
b
)
+
∫ s
t
µg(t, u)du
= {g(t)− µg(t, t)}
(
1− e−b(s−t)
b
)
+
(∫ s
0
µg(t, u)du−
∫ t
0
µg(t, u)du
)
= {g(t)− PSA(t)}
(
1− e−b(s−t)
b
)
+
(∫ s
0
PSA(u)du−
∫ t
0
PSA(u)du
)
???. ???,∫ s
0
PSA(u)du =
{
CPR× s25 , s ≤ 2.5
CPR(s− 1.25), s > 2.5
SG(t, s) = η
2
∫ s
t
(
1− e−b(s−u)
b
)2
du
=
η2
b2
∫ s
t
(
1− 2e−b(s−u) + e−2b(s−u)
)
du
=
η2
b2
{
(s− t)− 2
b
(
1− e−b(s−t)
)
+
1
2b
(
1− e−2b(s−t)
)}
???.
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Kijima and Muromachi(2000)[7]????, ???????Q???????????
??? hQ(t)?, ?? t??????? ℓ(t)(??????????)?????????
?????:
hQ(t) = h(t) + ℓ(t). (38)
???, ???? P ?????????Q?????????? ℓ(t)??????.
2.3. RMBS???????????????
????? t ≥ 0, RMBS???? T ??, ???????? t0 ≤ t, ????????
???? ti > t, (i = 1, . . . ,m, tm = T )???. ??????????????????
??? ti??????????M(ti), ???? I(ti)??, ??????? t?????
????. ??????? (2005)[20]???????, ?????M(0), ???????
? c, 1???????m??????????????????, ?????M(ti)??
?? I(ti)?????????????:
M(ti) = M(0)
(1 + cm)
mT − (1 + cm)mti
(1 + cm)
mT − 1 , (39)
I(ti) =
c
m
M(ti−1)
? = c
m
M(0)
(1 + cm)
mT − (1 + cm)mti−1
(1 + cm)
mT − 1 . (40)
????????M∗(ti), ??????? I∗(ti), S(ti) = M∗(ti)/M(ti)??????
????, ??? ti???????????? CF (ti)?,
CF (ti) = {M∗(ti−1)−M∗(ti)}+ I∗(ti)
= {M(ti−1)S(ti−1)−M(ti)S(ti)}+ I(ti)S(ti−1)
= {M(ti−1) + I(ti)}S(ti−1)−M(ti)S(ti) (41)
????????, CF (ti)???? S(ti−1), S(ti)???????????. ?????
??????RMBS??? t????????? Price(t, T )?,
Price(t, T ) =
m∑
i=1
EQt
[
exp
{
−
∫ ti
t
r(s)ds
}
CF (ti)
]
(42)
??????. ???, r(t)??? t???????????????????, EQt [·]?
???????Q????????? t?????????????.
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?? t??????, M(ti)? I(ti)?????? (41), (42)???,
Price(t, T ) =
m∑
i=1
EQt
[
exp
{
−
∫ ti
t
r(s)ds
}
CF (ti)
]
?
=
m∑
i=1
{M(ti−1) + I(ti)}EQt
[
exp
{
−
∫ ti
t
r(s)ds
}
S(ti−1)
]
−
m∑
i=1
M(ti)E
Q
t
[
exp
{
−
∫ ti
t
r(s)ds
}
S(ti)
]
(43)
?????, RMBS??? Price(t, T )???
V (t, t1, t2) ≡ EQt
[
exp
{
−
∫ t2
t
r(s)ds
}
S(t1)
]
, t ≤ t1 ≤ t2 ≤ T (44)
?????????????, (43)?? (44)?????
Price(t, T ) =
m∑
i=1
EQt
[
exp
{
−
∫ ti
t
r(s)ds
}
CF (ti)
]
=
m∑
i=1
{M(ti−1) + I(ti)}V (t, ti−1, ti)−
m∑
i=1
M(ti)V (t, ti, ti) (45)
??????.
2.4. RMBS????????
2.1?? 2.3??????? (38)??????, (44)???? V (t, t1, t2)? t ≤ t1 ≤ t2
??????????????:
V (t, t1, t2) = E
Q
t
[
exp
{
−
∫ t2
t
r(s)ds
}
S(t1)
]
= EQt
[
exp
{
−
∫ t2
t
r(s)ds
}
exp
{
−
∫ t1
t
hQ(s)ds
}]
= EQt
[
B(t)
B(t2)
S(t, t1)
]
EQt
[
exp
{
−
∫ t1
t
(g(s) + l(s)) ds
}]
. (46)
???, ???????Q????
EQt
[
exp
{
−
∫ s
t
g(u)du
}]
= exp
{
−µG(t, s) + 1
2
SG(t, s)
}
(47)
???????????, (47)?????
V (t, t1, t2) = Z(t, t, t1, t2)exp
{
−µG(t, t1) + 1
2
SG(t, t1)
}
L(t, t1) (48)
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???. ???, t ≤ ti ≤ tj ≤ tn ??????????????:
B(t) ≡ exp
{
−
∫ t
0
r(s)ds
}
, S(ti, tj) ≡ exp
{
−
∫ tj
ti
λ(s) (L(s)−R(s, τ))+ ds
}
,
L(ti, tj) ≡ exp
{
−
∫ tj
ti
l(s)ds
}
, Z(t, ti, tj , tn) ≡ EQt
[
B(t)
B(tn)
S(ti, tj)
]
. (49)
(46)???? 2???? 3???????????, ????? zQ(t)????????
?? zg(t)??????????????.
???, (48)?? Z(t, ti, tj , tn)????????????, ?????????. ??
[14](2004)???????????????, λ(t)???? (1,2??)?????????
????, ∆t? 1???????, tk = k∆t (k = 0, 1, . . .), (λ(t), L(t)) = (λk, Lk), t ∈
[tk, tk+1)????, S(ti, tj)??????????????????, ?????????
(e−x ≈ 1− x)??????????????:
S(ti, tj) ≡ exp
{
−
∫ tj
ti
λ(s) (L(s)−R(s, τ))+ ds
}
= exp
{
−
j−1∑
k=i
λk (Lk −R(tk, τ))+∆t
}
≃
j−1∏
k=i
(
1− λk(Lk −R(tk, τ))+∆t
)
. (50)
(50)?????,?? ti+1????v(t, ti+1)?????????????????Z(t, ti, tj , tn)
??????,
Z(t, ti, tj , tn)
v(t, ti+1)
= E
ti+1
t
[
B(ti+1)
B(t)
B(t)
B(tn)
S(ti, tj)
]
= E
ti+1
t
[
B(ti+1)
B(tn)
S(ti, tj)
]
≃ Eti+1t
[
B(ti+1)
B(tn)
j−1∏
k=i+1
(
1− λk(Lk −R(tk, τ))+∆t
)]
= E
ti+1
t
[{
1− λk(Lk −R(tk, τ))+∆t
}]× Eti+1ti
[
B(ti+1)
B(tn)
j−1∏
k=i+1
{
1− λk(Lk −R(tk, τ))+∆t
}]
???. ???, ETt [·]??? T ??????????QT ?????????????.
???,
X(ti,∆t) ≡ 1− λk(Lk −R(tk, τ))+∆t,
Y (ti+1, tj , tn; ti) ≡ Eti+1ti
[
B(ti+1)
B(tn)
j−1∏
k=i+1
{
1− λk(Lk −R(tk, τ))+∆t
}]
,
Cov
ti+1
t (X,Y ) ≡ Covti+1t [X(ti,∆t), Y (ti+1, tj , tn; ti)]
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??????,
Z(t, ti, tj , tn)
v(t, ti+1)
≃ Eti+1t [X(ti,∆t)Y (ti+1, tj , tn; ti)]
= E
ti+1
t [X(ti,∆t)]Y (ti+1, tj , tn; t) + Cov
ti+1
t (X,Y ) (51)
???. (51)????????????????????????. ????????
|Covti+1t (X,Y )| ≪ |Eti+1t [X(ti,∆t)]Y (ti+1, tj , tn; t)|
?, Covti+1t (X,Y )??????????????, X? Y ?????????, (51)??,
Z(t, ti, tj , tn) ≃ v(t, ti+1)Eti+1t [X(ti,∆t)]Y (ti+1, tj , tn; t) ≃ Eti+1t [X(ti,∆t)]Z(t, ti+1, tj , tn)(52)
?????, (52)?????????,
Z(t, ti, tj , tn) ≃ Eti+1t [X(ti,∆t)]Z(t, ti+1, tj , tn)
≃ Eti+1t [X(ti,∆t)]× Eti+2t [X(ti,∆t)]Z(t, ti+2, tj , tn)
. . .
≃ Z(t, tj , tj , tn)
j−1∏
k=i
E
tk+1
t [X(tk,∆t)]
= v(t, tn)
j−1∏
k=i
(
1− λk∆tEtk+1t [(Lk −R(tk, τ))+]
)
(53)
???. ????, ??R(t, τ)?????????????, ????R(t, τ)?????
???????. ?? t?????? [Ti, Ti +∆Ti]????????
L(t, Ti,∆Ti) =
v(t, Ti)− v(t, Ti +∆Ti)
v(t, Ti +∆Ti)∆Ti
, ∆Ti = Ti+1 − Ti
????R(tk, τ) = L(tk, tk +∆t),∆t = τ − t????,
Z(t, ti, tj , tn) ≃ v(t, tn)
j−1∏
k=i
(
1− λk∆tEtk+1t [(Lk −R(tk, τ))+]
)
= v(t, tn)
j−1∏
k=i
(
1− λk
v(t, tk+1)
Pfloorlet(t, tk, tk+1, Lk)
)
(54)
???. ??? Pfloorlet(t, tk, tk+1, Lk)??? t????L(t, Ti,∆Ti)?????????
? Lk ????????????, QG++???????? (Appendix??)?????
???????????. (54)??????? (49)?? (52)?????????, ??
?R(t, τ) = L(t, t,∆t)??????????????????, ?? (2017)[13]????,
KKM??????????????. ????, VaR???????????????
?????????????????*11.
*11?? (2017)[13]????, RMBS???????????????????????????????
???????????????? 5.0%?????? 0.1%, ???? 10.0%? 0.56%???, ?????
? RMBS????????????????????????????.
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3. ????????
????Kijima and Muromachi(2000)[7]??????????????, ?????
???RMBS????????????????. 3.1???????????????
??????, 3.2??????????????????, 3.3????????????
????????????????????????.
???? 2??????????P??, ??????????? (Ω,F , (Ft)t≥0, P )?
???. F = (Ft)t≥0??????????????????????????????
???, ?????? T ∗ (0 ≤ t ≤ T ≤ T ∗)?????? P???????????Q?
?????????????.
3.1. ?????????????
Kijima and Muromachi(2000)[7]??????????????, ?????????
???????? (?????????????????)?????????????
?. ???????? t = 0???????????????. ???????????
???????????????????????, ???????Q?????????
???????????? (F0??????)???????????. ????, ???
????????????????????????????????????????
???????. ???, ?????????????????Q??????????
?, ???? P????.
???????????????????? τ , (0 < τ ≤ T )????????????
?, ?? τ ?????????????? τ ????????????????Q???
??? (Fτ ???????)????????????. ??, Fτ ??? (Ω?????)
???????? P?????????????. ?????, ???????????
????????????????????????????*12??????, ????
???????????????????????, ????????????? 4??
?.
( i ) ???? t = 0????? F0????, ???? P??????? τ ??????
??????????????.
(ii) ?? ( i ) ?????????????????, ???????Q??????? τ
???? T ????????????????, ?? τ ?????????, ?? τ
??????????????????. (???? 1?????????????
?).
(iii) ( i )− (ii)????????????, ?????????????????????
?????????, VaR?????????????.
*12??????????????? r(t)??????????? h(t)? 2????, ?????????
??????????????????????.
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? 4: Kijima and Muromachi(2000)[7]????????
????????????????????? P???????? Q??? 2???
?????????????????????????. ???, ??????????
???????????? (???? 1,2??)???, 2??????????????
???????????????????????????????. ???, ????
?? RMBS???? 30???????????? 1??, ?????????????
??????????????????????????? 2????????????
????. ?????????????????????????????*13.
3.2. ????? (VaR, ES)
??????????????, VaR(Value at Risk)? ES(Expected Shortfall)???
??. ?????? (2007)[18]????VaR? ES?????????. VaR?????
????????????????????. VaR?????????????????
?????, VaR????????????????????????, ???????
????????????????????????, ????VaR?????????
??? ES???????????.
????????? (Ω,F , P )????, ???????X ????????????
? RMBS????? RMBS????????????????????. ??, X ??
????? FX(x), x ∈ R??, FX(x)???????? fX(x) > 0, x ∈ R??????
????. ????, FX(x)?????????, ??? F−1X (x), 0 < x < 1??????
???????. ????? α????VaR?????.
*13????RMBS?????????????????????????????????,?? (2007)[18]
????????????????????????????????????, ????????????
????????????. ???????????????? 1??????????????????
????, ?????????????????????????????????????????. ??
????????????????????????, ????????????????????????
???.
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Def. 3.2.1(α???)
????X ?????, α ∈ (0, 1)???,
qX(α) = F
−1
X (α)
?????X ? 100α%????.
Def. 3.2.2(VaR : Value at Risk)
????X ?????, α ∈ [0, 1]??, ??? k??????.
V aRX(α) ≡ k − qX(1− α) (55)
????? 100α%??????????? (Value at Risk, VaR)?????.
?? k?VaR?????????, ????????E[X]???? k???????
???.
?????????? 100α%? VaR?, ???? 100α%????????????
??????. VaR???????? 99%(α = 0.99)? 95%(α = 0.95)???????
???. VaR???????, VaR???????????????*14???????
?*15???????????????????????????? 2????????.
???, Artzner et al.(1999)[3]????ES????????????????, ????
?VaR????????????????????? (Acerbi et al(2001)[1], Acerbi and
Tasche(2002)[2]?????).
Def. 3.2.3(ES : Expected Shortfall)
α ∈ [0, 1]??, ????????????????X ????,
ESX(α) ≡ 1
1− α
∫ 1
α
V aRX(u)du
= k − E[X|X ≤ qX(1− α)] (56)
????? 100α%??????????? (Expected Shortfall, ES)?????.
?? (56)??, ES?????VaR???????????????????????
??????????. ????, ESX(α) ≥ V aRX(α)???????, ES?VaR??
?????????????.
*14Artzner et al.(1999)[3]?????????????????,
1. ??? (monotonicity) : X ≥ Y ⇒ ρ(X) ≤ ρ(Y )
2. ???????? (translation invariance) : ρ(X + k) = ρ(X)− k, k ???
3. ??????? (positive homogeneity) : ρ(λX) = λρ(X), λ ≥ 0
4. ???? (subadditivity) : ρ(X + Y ) ≤ ρ(X) + ρ(Y )
???, ???? 4?????????????????????????????.
???? X,Y ??????????????????, ρ(X), ρ(Y )?????????.
*15VaR????????????? 1???????? (subadditivity)????????. ???? VaR
??????????????????????????????????????????.
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? 5: VaR, ES????
3.3. ?????????????????????????
??????????? (VaR? ES)???????????, ??????, ???
????, ????????????, ???????????????? (2014)[19]?
??????????. ?????Kijima and Muromachi(2000)[7]?????????
???????. ??????????????????, ?????????????
?????????????????????????, ??????????????
?????????? (????)??????????????. ??????????
??????????????????????, ?????????????????
??????????. ???, ?????????????????????, ?? ( i ),
(ii)?????????????????????????, ????????????
??????????????????????, ?????????????????
?????????????????????????. ?????? RMBS????
????????? 30???????????????????????, ??????
???????????????????????????????*16.
?????????,?? (2017)[13]???RMBS??????, KKM????RMBS
?????????????. ???? KKM??????????? 2???. 1??
????????? RMBS???????????????????????????
*16???????????????? RMBS????????????????????, ??????
???????????????????????????.
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??, ??????????????????*17. 2???KKM????RMBS???
????????????????????????????????, ???????
??????????????? (????)?RMBS???????????????
???.
????????? t = 0, RMBS???? T , ????????? τ ????????
?????????? (0 ≤ ti ≤ τ ≤ tk ≤ T ). ??? t = 0?????? τ ?????? ti
?????????????CF (ti)???????????????R(ti, τ)?????
τ ??????????????? IV (0, τ)(Income Value), ???? τ ???? RMBS
??????CV (τ, T )(Capital Value)?????. ??, ??????????????
??????????? τ ???? RMBS????? (Future Value)? FV (τ, T )??
??, FV (τ, T )? IV (0, τ)?CV (τ, T )????????. IV (0, τ), CV (τ, T ), FV (τ, T )
???????? τ ?????????????????, ? 6????? IV (0, τ)?
CV (τ, T )???????.
Def. 3.3.1 IV (0, τ) : Income Value
????? t = 0, ???????? t0(≤ 0), ???? τ ???????? ti(> 0)
(i = 1, ..., j, tj = τ)???. ???? τ ????????????? τ ????????
??????????? CF (ti)??????????????????????? τ ?
?????????????? IV (0, τ) (Income Value)??, ??????????:
IV (0, τ) ≡
∑
0≤ti≤τ
CF (ti)
v(ti, τ ;x(ti))
. (57)
Def. 3.3.2 CV (τ, T ) : Capital Value
???? τ ???? T ???????? tk(> τ) (k = 1, ...,m, tm = T )???. ??
?? τ ????RMBS???????CV (τ, T )(Capital Value)??, ????????
??:
CV (τ, T ) ≡
∑
τ<tk≤T
EQt
[
exp
{
−
∫ tk
t
r(s)ds
}
CF (tk)
]
. (58)
???, r(t)??? t???????????????????, EQt [·]????????
Q????????? t?????????????.
?? (58)? CV (τ, T )?KKM???????????, ????? (45)?????
CV (τ, T ) = Price(τ, T ; r(τ), g(τ)) (59)
???. ???Price(τ, T ;x(τ), g(τ))? (45)??Price(τ, T )???????, (x(τ), g(τ))
??????????????????. ??, (x(τ), g(τ))? x(τ)????, ???? P
???? (y(0), g(0))???????????????????? (y(τ), g(τ))????,
x(τ) = y(τ) + γ(t)???????????.
*17KKM ??????? 3.2 ?????????????????, ?? (ii) ????????????
?????????????????. ????, KKM???????????????????????
????? ( i )?????????????????????????????????????????.
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Def. 3.3.3 FV (τ, T ) : Future Value
???? τ ?????? T ? RMBS????? FV (τ, T )? IV (0, τ)? CV (τ, T )?
?????????????:
FV (τ, T ) ≡ IV (0, τ) + CV (τ, T ). (60)
??????????, τ ??????????? Capital Value CV (τ, T )????
?????????, ????? [0, τ ]???????????????? Future Value
FV (τ, T )?????????. ?????, ?????????????????Capital
Value? Future Value?????????????????, ????????????
???????????.
? 6: ???? IV (0, τ), CV (τ, T )????
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4. ???
????, 2????? KKM???????? 3????????????????
??, ???RMBS?????????????? IV (0, τ), CV (τ, T ), FV (τ, T )???
?????????. ?????????, ????????????????????
????????????????????????????????.
? 1????????RMBS, QG++???, ??????????????????
????????. ??, ??????????????????????? 0.5%??
?*18???. ???, ??????? L(t) = L(??), λ(t) = λ(??)??, ψ(t)? 2?
????????????????E[g(t)]? PSA????CPR??????????
?????, ?????? (2017)[13]????????. ??, (38)?? ℓ(t)?????
???*19. ????????????????? t = 0, ???????? (????)?
τ = 1(?), ??? T = 30(?)??????????. ??, ?????????????
????? n = 10, 000?????????????.
? 1: ???????????? (?? (2017)?????)
RMBS QG++??? ???? ???????????
M(0) ???? (?) 100 a 0.1 α 0.003 λ 3??
c ????? (%) 1.00% σ 0.07 β 0.003 L(%) 1.00%
T ?? (?) 30 y0 0 λx 0.1 b 0.734
m ???? (?) 12 α′ 0.005 ℓ(t) 0.005 η 0.02
τ ???? (?) 1 β′ 0.006 CPR(%) 10% (167%PSA)
4.1. ??, ????????, ???
? 7?, (21)??????? r(t)(QG++???)????????????. ????
???????, QG++?????? r(t)??????????????, 9???? 10
??, 25????????????????????????. ??, ? 1???????
????? φ(t)? t = 1(?)???????????, 3???? 4??, 8????, 10
????? r(t)?????????.
? 8????? τ = 1(?)???????? r(τ)??????. ??????????
?????????? r(τ)???????, ???????????. ???, r(t) ≥ φ(t)
????????????????????????????????.
*18?????, ?????????????? P ∗(0, T ) ≡ exp(−0.005T )???.
*19?? ℓ(t)???? RMBS????????????????????, ????? ℓ(t) = 0.5%(??)
?????.
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? 7: ?? r(t)???????
? 8: ???? (τ = 1)???????? r(τ)???
? 9? (33)?????????? h(t)??????????. ???? (33)???
???????, ? 7??????????????????. ?????? λ = 0.0,
λ = 1.0, λ = 3.0??? 3????????????. ???, λ = 0.0????????
??????????? h(t) = g(t), ???????????????????????
??????????. λ ̸= 0???, (33)???????????, ???? (????
r(t))????????????, ???????? L = 1.0%?????????? λ?
??????????????????????????. ??, ? 7?? 9??, r(t)?
????????? 9???? 10??, 25????????????????????
????? h(t)??????????????? g(t)?????????.
? 10? (31)????? S(t)??????????, ? 9????????? λ? 3?
???????????. λ??????????????, ????????????
??????? S(t)???????.
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? 9: ???????? h(t)??????? (????? λ?????)
? 10: ??? S(t)??????? (????? λ?????)
4.2. ?????????????
? 11?, ????????????? 5.0%????*20???, ??????????
?±5.0%?? 0.5%???????????*21?RMBS????? Price(0, 30)?, 2?
??????? λ???????????????? ((41)?????? S(t) = 1???
??)?? 3??????????????????. ???RMBS??????? 5.0%
???. ?????, ????????????? (S(t) = 1)????????????
??, ??????????????????????. ??????????????
?????????????????. ??????????????????????
? (??????????????)????????, ????? (?????????
*20?????????????????? P ∗(0, T ) ≡ exp(−0.05T )???.
*21????????????? 5.0%???????????? (?????? 0.0%)?????.
27
????)?????, ???????????. ??????, KKM????RMBS?
?????????????????????????????????.
? 11: RMBS????? (???????????????? λ?????)
4.3. ?????????????????
????, ????? n????????????? (VaR, ES)?????????
??.
?12,?13,?14????2,?3,?4??????n?1000??10000???????
?????????????? (S = 1), ?????????????? (λ = 1.0, λ = 3.0)
??? FV (τ, T )????????????????. ????, ???????????
???? n = 4000?5000??????????????????????.
? 12: ????? n??????? (VaR, ES)??? (S = 1)
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? 13: ????? n??????? (VaR, ES)??? (λ = 1.0)
? 14: ????? n??????? (VaR, ES)??? (λ = 3.0)
? 2: ????? n??????? (VaR, ES)??? (S = 1)
n : ????? ????????? (S = 1) FV (τ, T ) τ = 1, T = 30
VaR n =1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
95.0% 6.659 6.621 6.611 6.600 6.715 6.617 6.618 6.541 6.473 6.452
99.0% 12.106 13.030 12.793 12.759 12.551 12.101 12.062 12.005 12.011 12.213
99.5% 14.829 14.769 14.285 14.273 14.290 14.293 14.314 14.327 14.361 14.519
ES n =1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
95.0% 9.873 10.205 10.142 10.210 10.219 10.080 10.026 9.960 9.938 9.955
99.0% 14.802 15.127 14.807 15.272 15.249 15.131 15.086 15.068 15.096 15.207
99.5% 16.178 16.407 15.920 16.954 16.907 16.847 16.800 16.821 16.865 16.932
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? 3: ????? n??????? (VaR, ES)??? (λ = 1.0)
n : ????? ????????? λ = 1.0 FV (τ, T ) τ = 1, T = 30
VaR n =1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
95.0% 4.407 4.235 4.272 4.283 4.292 4.278 4.267 4.211 4.150 4.147
99.0% 8.407 8.733 8.485 8.321 8.296 8.116 7.991 7.999 7.993 8.128
99.5% 9.771 9.734 9.633 9.628 9.630 9.590 9.625 9.598 9.638 9.657
ES n =1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
95.0% 6.635 6.724 6.671 6.713 6.718 6.622 6.578 6.535 6.512 6.520
99.0% 9.990 10.077 9.860 10.278 10.238 10.121 10.066 10.069 10.069 10.127
99.5% 10.806 10.890 10.577 11.499 11.422 11.355 11.280 11.281 11.290 11.324
? 4: ????? n??????? (VaR, ES)??? (λ = 3.0)
n : ????? ????????? λ = 3.0 FV (τ, T ) τ = 1, T = 30
VaR n =1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
95.0% 4.590 4.502 4.497 4.586 4.595 4.550 4.514 4.431 4.386 4.382
99.0% 8.438 9.078 8.791 8.603 8.503 8.359 8.166 8.175 8.221 8.408
99.5% 10.212 10.173 9.840 9.880 9.911 9.893 9.924 9.902 9.907 9.939
ES n =1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
95.0% 6.911 6.968 6.928 6.972 6.980 6.878 6.836 6.791 6.765 6.778
99.0% 10.236 10.298 10.097 10.535 10.500 10.382 10.322 10.321 10.309 10.372
99.5% 11.120 11.087 10.786 11.747 11.687 11.632 11.547 11.539 11.534 11.577
4.4. ???????????????????
????, ? 1?????????? 3????????????????RMBS??
???????????. ??????????????????? ((41)??????
S(t) = 1)??????????????????? λ = 1.0, λ = 3.0??? 3????
??????.
? 15: CF (t)??????? (???????????????? λ?????)
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? 16: ?? CF (t)??????? (???????????????? λ?????)
? 5: CF (t)??????????? (???????????????? λ?????)
??????????? λ=1.0 λ=3.0 S=1.0
?? CF 107.339 106.535 115.790
?????? (?) 7.242 6.455 15.042
? 15????????????????????????? CF (t), ? 16?????
???????????????. ????????????? r(t)?????????
????, ????????????????????, ???????????????
?????????. ? 15??, ?????????????????? T = 30???
????????, ??????????????????? (t = 0)?? 10????
????????????????????????????????????????
?????. ???????????????????????????????, ??
????????????????????????????????????????
?. ??, ????? λ?????????????????????????????
??????????????????? 5??????, ??????????????
???????????????? λ = 3.0?????, ????????????CF (t)
????????????????????????????. ???????????
??, ??????????????????????????????????. ??
??, λ = 1.0??????????????????????????????????
??????????????.
??, 3?????????? IV (0, τ), CV (τ, T ), FB(τ, T )????????????
?? 6, ? 7???.
? 17????? IV (0, τ)??????. ?????????????????, ???
???????????????????? IV (0, τ)????? τ ??????????
???????. ???, τ = 1(?)??????? 1?2%???????????, ??
???????????????. ??, ????????????????, ? 15??
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??????????????????????? λ = 3.0?????????, ????
??????.
? 18????? CV (τ, T )??????. ? 11???????, ????*22????
????????????????????????????????????????
????????. ????? λ?????????, ????? λ?????????
????????. ???????????????????????????????,
???? τ ???????????????????????????????????
????.
? 19? IV (0, τ)?CV (τ, T )??????????FV (τ, T )??????. IV (0, τ)?
CV (τ, T )??????????,??????????????????????????
?, ????????. ??, ????????????????, ?????????λ =
3.0?????????????. ??????????? IV (0, τ), CV (τ, T ), FV (τ, T )
???????????? λ = 3.0??????????????.
? 17: Income Value IV (0, τ)??? (???????????????? λ?????)
*22?????????????????????? 0.5%???? (? 11?????????? −4.5%).
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? 18: Capital Value CV (τ, T )??? (???????????????? λ?????)
? 19: Future Value FV (τ, T )??? (???????????????? λ?????)
? 6: ??????? (???????????????? λ?????)
???? FV (τ, T ) CV (τ, T ) IV (0, τ)
??? λ=1.0 λ=3.0 S=1.0 λ=1.0 λ=3.0 S=1.0 λ=1.0 λ=3.0 S=1.0
??? 108.036 108.814 109.945 101.704 101.268 106.395 6.543 7.679 3.593
??? 106.768 107.381 108.790 100.969 100.601 105.245 5.800 6.838 3.546
??? 82.517 82.676 74.634 77.486 77.608 71.041 5.024 5.067 3.544
?? 105.985 106.586 107.547 100.202 99.874 104.000 5.783 6.712 3.547
???? 2.051 2.160 3.147 1.949 1.846 3.149 0.205 0.457 0.003
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? 7: ?????????? (???????????????? λ?????)
???? FV (τ, T ) CV (τ, T ) IV (0, τ)
VaR λ=1.0 λ=3.0 S=1.0 λ=1.0 λ=3.0 S=1.0 λ=1.0 λ=3.0 S=1.0
95.0% 4.15 4.38 6.45 3.93 4.15 6.45 0.37 0.93 0.0026
99.0% 8.13 8.41 12.21 7.76 8.13 12.22 0.51 1.22 0.0028
99.5% 9.66 9.94 14.52 9.27 9.66 14.52 0.57 1.31 0.0028
ES λ=1.0 λ=3.0 S=1.0 λ=1.0 λ=3.0 S=1.0 λ=1.0 λ=3.0 S=1.0
95.0% 6.52 6.78 9.95 6.26 6.52 9.96 0.46 1.11 0.0027
99.0% 10.13 10.37 15.21 9.80 10.13 15.22 0.58 1.32 0.0028
99.5% 11.32 11.58 16.93 11.00 11.32 16.94 0.63 1.39 0.0029
4.5. ?????????????? λ???
????? 1??????????????????????????RMBS????
?????????. ????? (33)???????? λ = 1.0, λ = 3.0??????, ?
???????????? (λ = 0)???????????????PSA????????
(E[g(t)] = PSA(t))?3???????. ?8,?9?????IV (0, τ), CV (τ, T ), FV (τ, T )
????????????????, λ = 1.0, λ = 3.0????????????????.
???? IV (0, τ), CV (τ, T ), FV (τ, T )??????????????????. ? 20
????? IV (0, τ)????, ????? λ????????????????????
??, ??????????????????. ? 21?????CV (τ, T )??????,
????? λ??????????????????????, ???????????
??. ??, ????????? λ = 3.0?????, λ = 1.0?????????. ??
?, λ = 1.0??????????????????????????????????
?????????, ?????????????????????.
? 22????? FV (τ, T )???????, Future Value? IV (0, τ)? CV (τ, T )??
?????, ????? λ???????????, ????????????, ????
???, λ = 0, ??????????????? PSA???????????????
?????????. ??, ????????????, ????? λ?????? VaR
? ES????????????%???????, ????????????????
???????σ??????????????. ???????, ?????????
?, λ????????????????????????.
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? 20: ???? IV (0, τ)??? (????? λ???)
? 21: ???? CV (τ, T )??? (????? λ???)
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? 22: ???? FV (τ, T )??? (????? λ???)
? 8: ??????? (????? λ???)
???? FV (τ, T ) CV (τ, T ) IV (0, τ)
??? λ=0.0 λ=1.0 λ=3.0 λ=0.0 λ=1.0 λ=3.0 λ=0.0 λ=1.0 λ=3.0
??? 107.712 108.036 108.814 101.956 101.704 101.268 5.971 6.543 7.679
??? 106.490 106.768 107.381 101.186 100.969 100.601 5.315 5.800 6.838
??? 82.456 82.517 82.676 77.443 77.486 77.608 4.822 5.024 5.067
?? 105.713 105.985 106.586 100.398 100.202 99.874 5.315 5.783 6.712
???? 2.012 2.051 2.160 2.009 1.949 1.846 0.148 0.205 0.457
(?) λ = 1.0, 3.0?????? 6???.
? 9: ?????????? (????? λ???)
???? FV (τ, T ) CV (τ, T ) IV (0, τ)
VaR λ=0.0 λ=1.0 λ=3.0 λ=0.0 λ=1.0 λ=3.0 λ=0.0 λ=1.0 λ=3.0
95.0% 4.044 4.147 4.382 4.064 3.928 4.147 0.245 0.373 0.928
99.0% 7.998 8.128 8.408 7.955 7.757 8.128 0.341 0.510 1.225
99.5% 9.554 9.657 9.939 9.484 9.265 9.657 0.372 0.567 1.309
ES λ=0.0 λ=1.0 λ=3.0 λ=0.0 λ=1.0 λ=3.0 λ=0.0 λ=1.0 λ=3.0
95.0% 6.420 6.520 6.778 6.425 6.258 6.520 0.303 0.459 1.110
99.0% 10.038 10.127 10.372 10.016 9.802 10.127 0.381 0.583 1.325
99.5% 11.237 11.324 11.577 11.224 10.998 11.324 0.406 0.628 1.394
(?) λ = 1.0, 3.0?????? 7???.
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4.6. RMBS???????
???? RMBS?????????????????????????. ????,
A(??), B(??), C(???)? 3?????????????????????????
?????????RMBS??, ??? 3??RMBS?????RMBS???????
?????????. ???, ?RMBS??????????????? g(t)?????
?????????????????. ??????????? 1?????, ?????
????????RMBS?????????????? c, ????????????L,
CPR, ????? λ????? 10??????????. ????? A(??)????
????????????????????, ???????????????????
?????????????????????????????. ????? B(??)?
?????????????????A??????????????????????
?????? c? L?????????????. ?????C(???)???????
??????????????????, ?????????????? B??????
???????????????? c? L????????????????????.
? 10: ?????????? (RMBS)????????? (??????)
??????? ? (??) B(??) C(???)
λ : ????? 3.0 1.0 1.0
c : ????? (%) 0.80% 1.20% 1.50%
L : ???? (%) 0.80% 1.20% 1.50%
CPR(%) 12% (PSA200%) 10% (PSA167%) 6% (PSA100%)
?23,?24,?25????11,?12??RMBS?????IV (0, τ), CV (τ, T ), FV (τ, T )
???????????????. ????????, ???? IV (0, τ)???????
?????RMBS(A:??)????????????????, CV (τ, T )? FV (τ, T )?
??????????RMBS(C:???)??????????. ???RMBS(C)???
??? c???, ????????????????????????????????
??????????.
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? 23: ?????? IV (0, τ) (?RMBS???)
? 24: ?????? CV (τ, T ) (?RMBS???)
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? 25: ?????? FV (τ, T ) (?RMBS???)
? 11: ?????? (?RMBS???)
???? FV (τ, T ) CV (τ, T ) IV (0, τ)
??? A(?) B(?) C(?) A(?) B(?) C(?) A(?) B(?) C(?)
??? 107.146 109.647 113.104 99.872 103.070 106.894 7.410 6.819 6.543
??? 105.777 108.378 111.733 99.248 102.303 105.935 6.572 6.075 5.794
??? 82.601 83.624 83.723 77.328 78.473 79.094 5.265 5.151 4.630
?? 105.037 107.583 110.819 98.547 101.533 105.059 6.490 6.049 5.760
???? 2.018 2.081 2.367 1.772 1.963 2.230 0.380 0.220 0.238
? 12: ?????????? (?RMBS???)
???? FV (τ, T ) CV (τ, T ) IV (0, τ)
VaR A(?) B(?) C(?) A(?) B(?) C(?) A(?) B(?) C(?)
95.0% 4.066 4.217 4.776 3.582 3.947 4.494 0.724 0.408 0.460
99.0% 7.804 8.318 9.442 7.145 7.828 8.825 0.919 0.581 0.682
99.5% 9.265 9.829 11.243 8.613 9.333 10.652 0.976 0.644 0.755
ES A(?) B(?) C(?) A(?) B(?) C(?) A(?) B(?) C(?)
95.0% 6.308 6.627 7.562 5.715 6.305 7.166 0.847 0.516 0.594
99.0% 9.695 10.296 11.749 9.013 9.892 11.237 0.998 0.659 0.779
99.5% 10.821 11.516 13.146 10.126 11.107 12.617 1.051 0.714 0.839
???, 3??RMBS????? 33.3%(1/3)????????RMBS???????
???????????, ????? 26, ? 27, ? 28, ???? 13, ? 14???. ???
?RMBS??????????????? g(t)???????????????, g(t)?
39
???????????????????????????????????????.
?????????????????????? g(t)????????????????
??????????????? h(t)(g(t)???)??? (????)???, ?????
?????KKM??????????????????????, RMBS?? g(t)??
????????????????????????.
? 26: ?????? IV (0, τ) (RMBS???????)
? 27: ?????? CV (τ, T ) (RMBS???????)
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? 28: ?????? FV (τ, T ) (RMBS???????)
? 13: ?????? (RMBS???????)
???? ??????? (????? : 33.3%)
??? FV (τ, T ) CV (τ, T ) IV (0, τ)
??? 109.955 103.227 6.924
??? 108.626 102.492 6.144
??? 83.316 78.298 5.018
?? 107.813 101.713 6.100
???? 2.152 1.987 0.274
? 14: ?????????? (RMBS???????)
???? ??????? (????? : 33.3%)
VaR FV (τ, T ) CV (τ, T ) IV (0, τ)
95.0% 4.350 4.003 0.529
99.0% 8.514 7.971 0.720
99.5% 10.122 9.481 0.782
ES FV (τ, T ) CV (τ, T ) IV (0, τ)
95.0% 6.830 6.393 0.647
99.0% 10.579 10.046 0.803
99.5% 11.825 11.281 0.861
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5. ????
?????, ?????????????????????????????????
??? 2????????, ???????????????? QG++???????
RMBS???????? (?? (2017)[13]??? KKM???)?????, Kijima and
Muromachi(2000)[7]?????????????, ???????? RMBS?????
???????????, RMBS?????RMBS???????????????.
RMBS???????????????????????????????????
?, ?????? RMBS????????????????????????????
????????????. ??, ????????????????????????
??????????????????, ?????????????????????.
???, ????????????????????????????????????,
?????????, ??????????????????????????????
????????????????.
???????????????????? RMBS?????, ??? RMBS???
??????????????????????????????????????, ?
?????????????????? RMBS??????????????????
???????.
??, ?????????????????RMBS?????, ??????????
?????????????????, ??????????????????????
????????????????????????????????????????
???????, ????????????????????????.
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Appendix A. QG++???????????????
?? t?????? [Ti, Ti + ∆Ti], t ≤ Ti < Ti+1 ????????? L(t, Ti,∆Ti),
∆Ti = Ti+1 − Ti????,
1 + L(Ti, Ti,∆Ti)∆Ti =
1
v(Ti, Ti+1)
???, ???????K ????????????,
Pfloorlet(t, Ti, Ti+1,K) = E
Q
t
[
e−
∫ Ti+1
t r(s)ds (K − L(Ti, Ti,∆Tt))+∆Ti
]
= EQt
[
e−
∫ Ti+1
t r(s)ds
(
1 +K∆Ti − 1
P (Ti, Ti+1
)
)+]
= EQt
[
e−
∫ Ti
t r(s)ds
(
1 +K∆Ti − 1
P (Ti, Ti+1
)
)+
P (Ti, Ti+1)
]
= (1 +K∆Ti)E
Q
t
[
e−
∫ Ti
t r(s)ds
(
P (Ti, Ti+1)− 1
1 +K∆Ti
)
)+]
= (1 +K∆Ti)Pcall
(
t, Ti, Ti+1,
1
1 +K∆Ti
)
(61)
????. ???, t ≤ T ≤ τ ???? Pcall(t, T, τ,K) ??? τ ?????????
???? T , ????K ?????????????????? t?????????,
Pellser[11](1997)??,
Pcall(t, T, τ,K;x(t)) = P (t, τ ;x(t)){N(h1)−N(ℓ1)} − P (t, τ ;x(t))K{N(h2)−N(ℓ2)}
??????. ???N(·)?????????????, ???????????:
ℓ1 =
ℓ(T, τ,K(T, τ))− χ(t,T,τ,x(t))ω(t,T,τ)√
Σ(t,T )
ω(t,T,τ)
, ℓ2 =
ℓ(T, τ,K(T, τ))− µx(t, T, x(t))√
Σ(t, T )
,
h1 =
h(T, τ,K(T, τ))− χ(t,T,τ,x(t))ω(t,T,τ)√
Σ(t,T )
ω(t,T,τ)
, h2 =
h(T, τ,K(T, τ))− µx(t, T, x(t))√
Σ(t, T )
,
ℓ(t1, t2, a) =
−BQ(t1, t2)−
√
d(t1, t2, a)
2CQ(t1, t2)
, h(t1, t2, a) =
−BQ(t1, t2) +
√
d(t1, t2, a)
2CQ(t1, t2)
,
K(t, T ) = Kexp
{∫ T
t
φ(s)ds
}
, d(t1, t2, a) = B
2
Q(t1, t2) + 4CQ(t1.t2){AQ(t1, t2)− log a},
Σ(t, T ) = σ2CQ(t, T ), ω(t, T, τ) = 1 + CQ(T, τ)Σ(t, T ),
µx(t, T, x(t)) = x(t)F (t, T )− I(t, T ), χ(t, T, τ, x(t)) = µx(t, T, x(t))−BQ(T, τ)Σ(t, T ),
I(t, T ) = σ2
[
BQ(t, T )
F (t, T )
CQ(t, T ) +
α
γ2
(2−A9(t, T )) + β
γ2
(2T − tA9(t, T ))− β
γ3
A8(t, T )
]
,
A8(t, T ) = e
γ(T−t) − e−γ(T−t) = 2sinh(γ(T − t)), A9(t, T ) = eγ(T−t) + e−γ(T−t) = 2cosh(γ(T − t)).
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??
????????????, ???????????????????????????
?????????????. ??????????????????????, ???
???????????. ??, ?????????????????????????
?????, ???????, ????????????????????. ???, ??
????????????????????????????????????????
?? (MF)????????????????. ????????????????.
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